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$EVWUDFW
&DPHUDVHQVRUDFWLYDWLRQVFKHPHVDUHHVVHQWLDOIRURSWLPL]LQJWKHXVDJHRIUHVRXUFHVLQZLUHOHVVYLVXDOVHQVRUQHWZRUNV,QWKLV
UHJDUG DQ HƥFLHQW FDPHUD VHQVRU DFWLYDWLRQ VFKHPHZKLFK DFFRXQWV IRU IDVWPRYLQJ WDUJHWV LVSURSRVHG7KLV LV DFKLHYHGE\
DGDSWLQJ WKHQXPEHURIFDPHUDV LQYROYHG LQ WUDFNLQJ WKH WDUJHWEDVHGRQ WKH WDUJHW¶V VSHHG7R UHGXFH WKH WDUJHWPLVV UDWHD
YLUWXDO JULGEDVHG WDUJHW UHFRYHU\ VFKHPH LV SURSRVHG ZKLFK DWWHPSWV WR UHORFDWH WKH WDUJHW LQ WKH FDVH RI D WDUJHW PLVV
6LPXODWLRQVVKRZWKDWWKHSURSRVHGDFWLYDWLRQVFKHPHJLYHVDFRQVLGHUDEOHUHGXFWLRQLQWDUJHWPLVVUDWHFRPSDUHGWRDQH[LVWLQJ
VFKHPHZKLFKLVEDVHGRQREVHUYDWLRQFRUUHODWLRQFRHƥFLHQWEHWZHHQFDPHUDVHQVRUV

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIRUJDQL]LQJFRPPLWWHHRIWKH6HFRQG,QWHUQDWLRQDO6\PSRVLXPRQ&RPSXWHU9LVLRQDQGWKH
,QWHUQHW9LVLRQ1HW¶
.H\ZRUGV&DPHUDDFWLYDWLRQVFKHPH7DUJHWWUDFNLQJ2EVHUYDWLRQFRUUHODWLRQFRHƥFLHQW9LUWXDOJULG7DUJHWUHFRYHU\
,1752'8&7,21
:LUHOHVV YLVXDO VHQVRU QHWZRUNV :961 FRPSULVH RIPDQ\ ORZFRVW EDWWHU\SRZHUHG QRGHV FDPHUDV
ZKLFKZLUHOHVVO\FRPPXQLFDWHZLWKHDFKRWKHUWRSHUIRUPWDVNVVXFKDVWDUJHWGHWHFWLRQWUDFNLQJDQGUHFRJQLWLRQ
7KH\ DUH XVHG LQ YDULRXV DUHDV OLNH VHFXULW\ VXUYHLOODQFH DQG DOVR LQ PLOLWDU\ DSSOLFDWLRQV 2QH RI WKH YDULRXV
FKDOOHQJHV LQYROYHG LQ:961V LV WKH KXJH DPRXQW RI GDWD JHQHUDWHG E\ WKH FDPHUD QRGHV LQ WKH QHWZRUN ,W LV
LPSUDFWLFDOWRWUDQVPLWDOOWKHUDZGDWDFDSWXUHGE\WKHVHQVRUVDVWKLVUHTXLUHVODUJHEDQGZLGWK
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
)XUWKHUWKHSURFHVVLQJDQGFRPPXQLFDWLRQFDSDELOLWLHVRIWKHVHQVRUQRGHVDUHQRWYHU\SRZHUIXOVLQFHORZFRVW
KDUGZDUH LV XVHG:LWK WKHVH OLPLWDWLRQV LW VKRXOG EH HQVXUHG WKDW WKH WDUJHW LV QRW PLVVHG ZKLFK LV WKH SULPH
SXUSRVH RI WUDFNLQJ 6LQFH DOO WKH FDPHUDV LQ D:961 QHHG QRW EH DOZD\V DFWLYH DQ HIILFLHQW VHQVRU DFWLYDWLRQ
VFKHPHLVQHHGHGZKLFKZLOODFWLYDWHRQO\WKRVHFDPHUDVHQVRUVZKLFKFDUU\UHOHYDQWLQIRUPDWLRQDERXWWKHWDUJHW
6LQFH SURFHVVLQJ FRVW LV VLJQLILFDQWO\ OHVV WKDQ WKH FRPPXQLFDWLRQ FRVW WKHUH LV D QHHG WR XVH DV PXFK ORFDO
SURFHVVLQJDVSRVVLEOHLQHDFKQRGH

,Q WKLV SDSHU D FDPHUD DFWLYDWLRQ VFKHPH IRU WDUJHW WUDFNLQJ LV SURSRVHG ZKLFK LPSURYLVHV RQ WKH VFKHPH
SURSRVHGLQ,QWKHDXWKRUSURSRVHVWKHLGHDRIREVHUYDWLRQFRUUHODWLRQFRHIILFLHQW2&&ZKLFKLVEDVHGRQWKH
IDFWWKDWLQD:961LWLVKLJKO\OLNHO\WKDWDWDUJHWLVFDSWXUHGE\PXOWLSOHFDPHUDVZKLFKKDYHRYHUODSSLQJVHQVLQJ
UHJLRQV2&&GHILQHGIRUDSDLURIFDPHUDVJLYHVDPHDVXUHRIWKHH[WHQWRIRYHUODSRIWKHLUILHOGVRIYLHZ)29
6RUDWKHUWKDQXVLQJUDZLPDJHVDVLQWKHDXWKRULQKDVSURSRVHGWRXVH2&&WRDFWLYDWHWKHFRUUHODWHGFDPHUD
SDLU

7KH2&&EDVHGDFWLYDWLRQVFKHPHSURSRVHGLQDFWLYDWHVDVPDOOJURXSRIFDPHUDVLQQXPEHUDWHDFKWLPH
VWHS7KLVPLJKWQRWEHVXIILFLHQWWRWUDFNDWDUJHWPRYLQJZLWKDKLJKVSHHG,QWKLVSDSHULQDQDWWHPSWWRUHGXFH
WDUJHW PLVVHV DQ LPSURYHG WHFKQLTXH LV SURSRVHG ZKLFK HPSOR\V D YLUWXDO JULGEDVHG WDUJHW UHFRYHU\ 9*75
VFKHPHZLWKWKHQXPEHURIDFWLYHFDPHUDVYDULHGSURSRUWLRQDWHO\ZLWKWKHWDUJHW
VVSHHG

(;,67,1*$3352$&+(6
6HQVRU VFKHGXOLQJ VWUDWHJLHV IRU HQHUJ\HIILFLHQW WDUJHW WUDFNLQJ KDYH EHHQ SURSRVHG LQ  %XW WKHVH VFKHPHV
UHTXLUHFHLOLQJPRXQWHGFDPHUDVZKLFKDUHQRWDOZD\VIHDVLEOH LQ UHDOZRUOGVFHQDULRV$0RQWH&DUORVDPSOLQJ
DSSURDFK IRU VHQVRU VFKHGXOLQJ KDV EHHQ FRQVLGHUHG LQ  +RZHYHU WKLV KROGV JRRG IRU JHQHULF ZLUHOHVV VHQVRU
QHWZRUNVEXWLVQRWVXLWDEOHWREHDSSOLHGWR:961V

0HGHLURVHWDOKDYHFRQVLGHUHGORFDOGDWDDJJUHJDWLRQDVDQHIIHFWLYHPHDQVIRUWDUJHWORFDOL]DWLRQDQGWUDFNLQJ
+RZHYHUWKLVUHTXLUHVHYHU\QRGHLQWKH:961WREHHTXLSSHGZLWKWKHUHVRXUFHVFDSDEOHRIDJJUHJDWLQJWKHGDWD
DQGORFDOL]LQJWKHWDUJHW7KLVDOVRLQYROYHVDSURFHVVLQJDQGFRPPXQLFDWLRQRYHUKHDGVLQFHDFOXVWHUKHDGHOHFWLRQ
DOJRULWKPQHHGV WREH H[HFXWHGZKHQHYHU WKH WDUJHWPRYHVRXWRI WKH UDQJHRI WKH FXUUHQW DFWLYH FDPHUD FOXVWHU
=DULIQHVKDWHWDOKDYHFRQVLGHUHGDFOXVWHUEDVHGDFWLYDWLRQVFKHPHZKHUHWKHFOXVWHUKHDGRIWKHFXUUHQWDFWLYH
FOXVWHU LV UHVSRQVLEOH IRU SUHGLFWLQJ WKH QH[W ORFDWLRQ RI WKH WDUJHW DQG DFWLYDWLQJ WKH QH[W FOXVWHU KHDG DQG
DSSURSULDWHVHQVRUQRGHVDWWKHSUHGLFWHGORFDWLRQ%\WKLVDSSURDFKWKHFRPSOH[LW\LVUHGXFHGWKDQVLQFHWKHUHLV
QRFOXVWHUKHDGHOHFWLRQLQYROYHG+RZHYHUWKHDOJRULWKPDVVXPHVDIL[HGFOXVWHUVL]HDQGDJULGDUUDQJHPHQWRI
FDPHUDVZKLFK LVQRWDOZD\VIHDVLEOH6RQJHWDOKDYHSURSRVHGDFRQVHQVXVPHWKRGIRU WDUJHW WUDFNLQJZKLFK
IXVHV WKH LQIRUPDWLRQ IURP DOO WKH FDPHUDV YLHZLQJ WKH VDPH WDUJHW %XW LQ WKLV DSSURDFK WKH WDUJHW WUDFNLQJ
DFFXUDF\LVOLPLWHGE\WKHUHVRXUFHVLQWKHQHWZRUNDVPHQWLRQHGLQ

7KHDOJRULWKPGHVFULEHG LQ XVHVDYHU\VPDOOQXPEHURIFDPHUDV WKHUHE\PLQLPL]LQJ WKHUHVRXUFHQHHGHG WR
WUDFN WKH WDUJHW+RZHYHU WKLV VFKHPHGRHVQRWDFFRXQW IRU WUDFNLQJIDVWPRYLQJ WDUJHWV ,Q WKHSUHVHQWZRUNDQ
DWWHPSWLVPDGHWRWUDFNIDVWPRYLQJWDUJHWVZKLOHSUHVHUYLQJWKHHVVHQFHRIWKHPHWKRGLQ
%$6(/,1(2&&%$6('$&7,9$7,216&+(0(
7KH 2&&EDVHG DFWLYDWLRQ VFKHPH SURSRVHG LQ  LV FRQVLGHUHG DV WKH EDVHOLQH DOJRULWKP ,Q WKLV VFKHPH
ZKHQHYHU D FDPHUD FDSWXUHV WKH WDUJHW LW DFWLYDWHV WZR RWKHU FDPHUDVZKLFK KDYHPD[LPXP2&&ZLWK LW 7KLV
VFKHPHLVEULHIO\H[SODLQHGLQWKHUHPDLQGHURIWKLVVHFWLRQ
 
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$VVXPSWLRQVLQWKLVWHFKQLTXHDUH
x $OOWKHFDPHUDVDUHSODFHGLQDGLPHQVLRQDO'ILHOGDQGWKHILHOGGRHVQRWKDYHDQ\REVWDFOHV
x 7KHSRVLWLRQVDQGRULHQWDWLRQVRIWKHFDPHUDVDUHNQRZQ
x 7KHUHLVDVLQJOHWDUJHWPRYLQJLQWKHVXUYHLOODQFHDUHD

2EVHUYDWLRQFRUUHODWLRQFRHIILFLHQW

7KHLQWXLWLRQEHKLQGWKHFRQFHSWRI2&&LV LI WKH)29VRIPXOWLSOHFDPHUDVRYHUODSWKHLPDJHVFDSWXUHGE\
WKHPZLOODOVREHFRUUHODWHG+HQFHUDWKHUWKDQXVLQJLPDJHVWKHJHRPHWU\RIWKHSODFHPHQWRIWKHFDPHUDVFDQEH
H[SORLWHGWRILQGWKHFRUUHODWHGFDPHUDSDLU

2&&RIDFDPHUDPZLWKUHVSHFWWRDQRWKHUFDPHUDQ LVGHILQHGDVWKHUDWLRRIRYHUODSRIWKHLQWHUVHFWLRQVHQVLQJ
UHJLRQVRIPDQGQWRWKHVHQVLQJUHJLRQRIP7KXV2&&LVJLYHQE\HTXDWLRQ

2&&
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2&& 
ZKHUH2&&PQLVWKH2&&EHWZHHQFDPHUDVPDQGQDQGVULVWKHVHQVLQJUHJLRQ7KHGHWDLOVDERXWWKHFRPSXWDWLRQ
RI2&&DUHJLYHQLQ

0XOWL&DPHUD$FWLYDWLRQ6FKHPH

7KH FKDOOHQJH LQ DFWLYDWLQJPXOWLSOH FDPHUDV IRU WDUJHW WUDFNLQJ OLHV LQGHWHUPLQLQJ WKHJURXSRI FDPHUDV WKDW
QHHGWREHDFWLYHLQRUGHUWRORFDOL]HWKHWDUJHWDQGGHFLGLQJKRZWRXSGDWHWKHDFWLYHFDPHUDJURXS$&*RQFHWKH
WDUJHWLVRXWRIWKH)29RIDQ\RIWKHFDPHUDVLQWKHFXUUHQW$&*

'HWHUPLQLQJWKH$FWLYH&DPHUD*URXS

,QWKHDXWKRUKDVFKRVHQWRDFWLYDWHWKUHHFDPHUDVDWDQ\JLYHQWLPHWRORFDOL]HWKHWDUJHW7KHFDPHUDVHQVRU
WKDWGHWHFWV WKHWDUJHW LQ LWV)29LVUHJDUGHGDV WKHUHIHUHQFHVHQVRUDQGLWDFWLYDWHV WZRRWKHUFDPHUDVWKDWKDYH
PD[LPXP2&&ZLWK LW 7KHVH FDPHUDV DUH UHIHUUHG WR DV SULPDU\ DQG VHFRQGDU\ VHQVRUV+RZHYHU LW FDQQRW EH
DVVXUHG WKDW WKHDFWLYDWHGFDPHUDVKDYH WKH WDUJHW LQ WKHLU)29V,Q WKLVFDVH WKHFDPHUDVKDYLQJQH[WPD[LPXP
2&&ZLWK WKH UHIHUHQFH VHQVRU VKRXOGEH DFWLYDWHG DQG WKLV SURFHVV FRQWLQXHV XQWLO WKUHH FDPHUDV FDQGHWHFW WKH
WDUJHWLQWKHLU)29V

8SGDWLQJWKH$FWLYH&DPHUD*URXS

:KHQWKHWDUJHWPRYHVLQ WKHVXUYHLOODQFHDUHD LI WKHUHIHUHQFHVHQVRUFDQQRW ORFDWH WKHWDUJHW LQ LWV)29WKH
FDPHUDVHQVRUKDYLQJWKHKLJKHVW2&&ZLWKWKHSULPDU\VHQVRULVDFWLYDWHGWRMRLQWKH$&*,IWKHSULPDU\VHQVRU
FDQQRWORFDWHWKHWDUJHWLQLWV)29WKHFDPHUDVHQVRUKDYLQJWKHKLJKHVW2&&ZLWKVHFRQGDU\VHQVRULVDFWLYDWHGWR
MRLQWKH$&*,IWZRFDPHUDVRIWKH$&*FDQQRWORFDWHWKHWDUJHWLQWKHLU)29VVLPXOWDQHRXVO\WKHFDPHUDVWKDW
KDYH2&&VZLWKWKHUHPDLQLQJDFWLYHFDPHUDLVDFWLYDWHGXQWLOWKHWDUJHWLVIRXQGDJDLQ
352326('$&7,9$7,216&+(0(:,7+'<1$0,&$&7,9(&$0(5$*52836,=(
7KHDFWLYDWLRQVFKHPHGHVFULEHGLQVHFWLRQKDVDQLQKHUHQWDVVXPSWLRQWKDWWKHWDUJHWZRXOGEHORFDWHGE\DW
OHDVWRQHRIWKHFDPHUDVLQWKHFXUUHQW$&*ZKHQWKHWDUJHWPRYHVWRWKHQH[WORFDWLRQ%XWWKHUHDUHFKDQFHVWKDW
WKHWDUJHWPRYHVRXWRIWKH)29VRIDOOWKHWKUHHFDPHUDVLQWKHFXUUHQW$&*ZKLFKZRXOGUHVXOWLQDWDUJHWPLVV
0RUHRYHUZKHQWKHWDUJHWLVPRYLQJIDVWDFWLYDWLQJRQO\WKUHHFDPHUDVDWHDFKWLPHVWHSPLJKWQRWVXIILFH,IWKHUH
LVD WDUJHWPLVVDEUXWH IRUFHPHWKRGZRXOGEH WRDFWLYDWHDOO WKHFDPHUDV LQ WKH:9617KRXJK WKLV LVDFUXGH
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DSSURDFKWKHUHPLJKWQRWEHDEHWWHURSWLRQDYDLODEOHVLQFHZHGRQRWKDYHDQ\LQIRUPDWLRQDERXWWKHSRVLWLRQRIWKH
WDUJHW7KHUHIRUHWRUHGXFHWKHSUREDELOLW\RIWDUJHWPLVVHVIRUIDVWPRYLQJWDUJHWVLWZRXOGEHEHQHILFLDOWRYDU\WKH
VL]HRIWKH$&*G\QDPLFDOO\ZLWKWKHVSHHGRIWKHWDUJHW

,QRUGHUWRYDU\WKHVL]HRIWKH$&*G\QDPLFDOO\ZHZRXOGQHHGWRHVWLPDWHWKHFXUUHQWVSHHGRIWKHWDUJHW1RWH
WKDWWKHSRVLWLRQVRIWKHWDUJHWZRXOGDOUHDG\EHSUHGLFWHGXVLQJWKHORFDOL]DWLRQWHFKQLTXHGHVFULEHGLQVHFWLRQ
RI8VLQJWKLVLQIRUPDWLRQWKHFXUUHQWVSHHGRIWKHWDUJHWVFXUUFDQEHREWDLQHGIURPHTXDWLRQ

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

ZKHUH[SUHY\SUHYDQG[FXUU\FXUUDUHWKHSUHYLRXVDQGFXUUHQWWDUJHWSRVLWLRQVDQG7LVWKHGXUDWLRQRIRQHWLPHVWHS
2QFHWKHVSHHGRIWKHWDUJHWLVREWDLQHGWKHVL]HRIWKH$&*LVGHWHUPLQHGDVIROORZV

x )L[WKHUDQJHRIVSHHGVIRUZKLFKWKHVL]HRIWKH$&*VKRXOGYDU\G\QDPLFDOO\7KHPLQLPXPVL]HRIWKH
$&*LVFKRVHQWREH
x 7KHVL]HRIWKH$&*LVPDGHSURSRUWLRQDOWRWKHVSHHGRIWKHWDUJHWDVSHUHTXDWLRQ

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V
V
QXP&DPV FXUU  PD[PLQ VVV FXUU       

ZKHUHVFXUUVPLQDQGVPD[DUHWKHFXUUHQWDQGFKRVHQPLQLPXPDQGPD[LPXPVSHHGVRIWKHWDUJHW

2EVHUYHWKDWWKHUHZRXOGEHWKUHHFDVHVLQYROYHG
 :KHQWKHVSHHGRIWKHWDUJHWLVOHVVWKDQWKHFKRVHQVPLQWKHQXPEHURIFDPHUDVLQWKH$&*UHPDLQVWKUHH
 ,IWKHVSHHGRIWKHWDUJHWH[FHHGVVPLQDQGLVOHVVWKDQVPD[WKHVL]HRIWKH$&*YDULHVDFFRUGLQJWRHTXDWLRQ

 ,IWKHVSHHGRIWKHWDUJHWLVJUHDWHUWKDQVPD[WKHVL]HRIWKH$&*ZRXOGEHHTXDOWRLWVFKRVHQPD[LPXP
VL]H
,Q FDVHV  DQG  LQ WKH SURSRVHG DOJRULWKP WKH DGGLWLRQDO DFWLYH FDPHUDV DUH GHWHUPLQHG DV WKH RQHV KDYLQJ
PD[LPXP2&&ZLWKSULPDU\DQGVHFRQGDU\FDPHUDVHQVRUV

7+(9*756&+(0(
(YHQZLWKWKHYDU\LQJVL]HRIWKH$&*WKHUHPLJKWEHDFDVHZKHUHWKHWDUJHWPRYHVRXWRIWKH)29VRIDOOWKH
DFWLYHFDPHUDVZKHQLWPRYHVWRLWVQH[WORFDWLRQ,QVXFKDFDVHWKHFUXGHPHWKRGRIDFWLYDWLQJDOOWKHFDPHUDVLQ
WKH:961FDQEH UHVRUWHG WR+RZHYHU QRWH WKDW WKH DFWLYDWLRQ VFKHPHGHVFULEHG LQ VHFWLRQZDV SURSRVHG WR
DYRLGWKLVLQWKHILUVWSODFH7KXVDVDODVWUHVRUWWRUHFRYHUWKHWDUJHWD9*75VFKHPHLVSURSRVHG

:KHQDOO WKHFDPHUDV LQ WKH$&*ORVH WKHYLHZRI WKH WDUJHW VLPXOWDQHRXVO\RQHRI WKHZD\V WR UHORFDWH WKH
WDUJHWLVWRSUHGLFWLWVQH[WORFDWLRQIURPLWVVSHHGDQGGLUHFWLRQLQIRUPDWLRQDQGWKHQDFWLYDWHWKHFDPHUDVQHDUWKH
SUHGLFWHGORFDWLRQ6XFKDQDSSURDFKZRXOGLQYROYHFRPSXWLQJWKHGLVWDQFHVEHWZHHQWKHSUHGLFWHGQH[WORFDWLRQRI
WKHWDUJHWZLWKWKHORFDWLRQVRIDOOWKHFDPHUDVHQVRUVLQWKH:961DQGWKHQVHOHFWLQJWKHRQHVZKLFKDUHQHDUHVWWR
WKH SUHGLFWHGQH[W ORFDWLRQ7KLV ODUJH FRPSXWDWLRQDO RYHUKHDG LV HOLPLQDWHGE\XVLQJ DYLUWXDO JULG WHFKQLTXH DV
GHVFULEHGLQWKHUHPDLQGHURIWKLVVHFWLRQ




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7KH&RQFHSWRI9LUWXDO*ULG

7KH HQWLUH VXUYHLOODQFH DUHD LV GLYLGHG LQWR D XQLIRUP VTXDUH YLUWXDO JULG DQG WKH SRLQWV RI LQWHUVHFWLRQRI WKH
KRUL]RQWDODQGYHUWLFDOOLQHVLQWKHJULGDUHFRQVLGHUHGWREHYLUWXDOQRGHVZLWKVSDFLQJOEHWZHHQWKHP7KHWHUP
YLUWXDOLVXVHGEHFDXVHWKHUHDUHQRDFWXDOFDPHUDVSODFHGDWWKRVHSRLQWV

,QWKLVWHFKQLTXHHYHU\FDPHUDVHQVRUQRGHLQWKH:961LVHTXLSSHGZLWKWKHSRVLWLRQLQIRUPDWLRQRILWVQHDUHVW
YLUWXDOQRGH,QDVLPLODUPDQQHUHYHU\YLUWXDOQRGHLVDVVRFLDWHGZLWKLWVQHDUHVWIHZVD\FDPHUDVHQVRUQRGHV
1RWH WKDW DV WKHSRVLWLRQV RI WKH FDPHUDV DQG WKH YLUWXDO QRGHV DUH VWDWLF LQ WKHQHWZRUN WKH DVVRFLDWLRQVRI WKH
YLUWXDO QRGHVZLWK WKH FDPHUDV DQGYLFHYHUVDZRXOGEH SUHGHWHUPLQHG GXULQJ WKH QHWZRUN LQLWLDOL]DWLRQ SURFHVV
7KXVWKH\QHHGQRWEHFRPSXWHGGXULQJWKHWDUJHWWUDFNLQJSURFHVV'XULQJWKHQHWZRUNLQLWLDOL]DWLRQSURFHVVWKH
GLVWDQFHVEHWZHHQWKHYLUWXDOQRGHSRVLWLRQVDQGWKHFDPHUDVHQVRUSRVLWLRQVDUHFRPSXWHGDQGVDYHGLQWKHIRUPRI
DORRNXSWDEOHLQWKHFHQWUDOEDVHVWDWLRQ

7DUJHW5HFRYHU\8VLQJ9LUWXDO*ULG

2QFHWKHWDUJHWPRYHVRXWRIWKH)29VRIDOOWKHDFWLYHFDPHUDVWKHUHIHUHQFHVHQVRURIWKHFXUUHQW$&*ZLOO
SUHGLFWWKHQH[WORFDWLRQRIWKHWDUJHW+RZHYHUWRGRWKLVWKHGLUHFWLRQRIWKHWDUJHWPRYHPHQWQHHGVWREHNQRZQ
7KHFXUUHQWGLUHFWLRQߠ௖௨௥௥ RIWKHWDUJHW
VPRWLRQLVFRPSXWHGDVLQHTXDWLRQ


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$IWHUFRPSXWLQJWKHWDUJHW
VGLUHFWLRQLWVQH[WORFDWLRQ[QH[W\QH[WFDQEHSUHGLFWHGXVLQJHTXDWLRQ

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FRV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 FXUUFXUUSUHYQH[W V\\ T   

2QFH WKHQH[WSRVLWLRQRI WDUJHW LVSUHGLFWHG WKH UHIHUHQFH VHQVRURI WKH FXUUHQW$&*ZLOO UHIHU WR LWV DVVRFLDWHG
YLUWXDOQRGHDQGFRPSXWHVWKHSRVLWLRQRIWKHYLUWXDOQRGHQHDU[QH[W\QH[WXVLQJHTXDWLRQVDQG
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
ZKHUH /[ DQG /\ DUH WKH QXPEHU RI OLQH VHJPHQWV RI OHQJWK O EHWZHHQ WKH FXUUHQW DQG QH[W YLUWXDO QRGHV DQG
YQRGHFXUU[ YQRGHFXUU\ DQG YQRGHQH[W[ YQRGHQH[W\ DUH WKH FXUUHQW DQG QH[W YLUWXDO QRGH SRVLWLRQV 7KH FDPHUD
VHQVRUVDVVRFLDWHGZLWKWKHYLUWXDOQRGHFRPSXWHGIURPHTXDWLRQVDQGZRXOGEHDFWLYDWHGLQDQDWWHPSWWR
ORFDWHWKHWDUJHW,IWKH9*75VFKHPHDOVRIDLOVWRORFDWHWKHWDUJHWLQHYLWDEO\DOOWKHFDPHUDVLQWKHQHWZRUNVKRXOG
EHDFWLYDWHG,WLVRILQWHUHVWWRQRWHWKDWWKHDXWKRUVLQKDYHXVHGDJULGDUUDQJHPHQWWRSODFHDFWXDOFDPHUDVHQVRUV
ZKLFKPLJKWQRWEHDOZD\VSRVVLEOH,QWKHSURSRVHGVFKHPHFDPHUDVQHHGQRWEHSODFHGLQDJULGIDVKLRQDQGFDQ
EHSODFHGUDQGRPO\
(;3(5,0(17$/6(783$1'3(5)250$1&($1$/<6,6
7RHYDOXDWHWKHSURSRVHGPXOWLFDPHUDDFWLYDWLRQVFKHPHFDPHUDVHQVRUVHDFKZLWK)29RDUHVLPXODWHG
XVLQJ0$7/$% LQDP[P'ILHOGDV VKRZQ LQ)LJD7KHSRVLWLRQVDQGRULHQWDWLRQVRI WKH VHQVRUV DUH
FKRVHQ UDQGRPO\ZLWK WKHLU VHQVLQJ UHJLRQV FRQVLGHUHG WR EH HTXLODWHUDO WULDQJOHV$YLUWXDO JULGZLWK LQWHUQRGH
VSDFLQJRIPLVFRQVLGHUHG7KHPD[LPXPVL]HRIWKH$&*LVFKRVHQWREHDQGWKHUHE\WKHQXPEHURIFDPHUDV
DFWLYHDWDQ\WLPHVWHSZRXOGEHLQWKHUDQJHLQSURSRUWLRQWRWKHWDUJHW
VVSHHG$VLQJOHWDUJHWLVVLPXODWHGWR
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PRYH LQ D VLQXVRLGDO ]LJ]DJ IDVKLRQZLWK YDU\LQJ VSHHGVZKLFK LV WKHZRUVWFDVH VFHQDULR IRU WDUJHW WUDFNLQJ
6LPXODWLRQV DUH DOVR SHUIRUPHGZLWK FLUFXODU DQG OLQHDU SDWKV RI WKH WDUJHW DVZHOO EXW LW LV REVHUYHG WKDW WDUJHW
PLVVHV DUH IHZHU LQ WKHVH FDVHV DQG KHQFH UHVXOWV DUH VKRZQ RQO\ IRU WKHZRUVWFDVH VLQXVRLGDOPRWLRQ RI WKH
WDUJHW



)LJD([SHULPHQWDOVHWXSVKRZLQJWDUJHWPRWLRQVLQXVRLGDOYLUWXDOJULGDQGFDPHUDVGRWVE7DUJHWPLVVUDWHYHUVXVPD[LPXPVSHHG
5HVXOWVDQGDQDO\VLV

7R HYDOXDWH WKHSHUIRUPDQFHRI WKHSURSRVHGPXOWLFDPHUD DFWLYDWLRQ VFKHPHZLWK WKHEDVHOLQHPHWKRG WDUJHW
PLVV UDWH DQG QXPEHU RI DFWLYH FDPHUDV SHU XQLW WLPH DUH FKRVHQ WR EH WKH SHUIRUPDQFH PHWULFV DQG WKH
SHUIRUPDQFHVRIWKHEDVHOLQHDQGWKHSURSRVHGPHWKRGVDUHFRPSDUHG

7DUJHWPLVVUDWHYHUVXVPD[LPXPVSHHG

7DUJHWPLVVUDWHLVGHILQHGDVQXPEHURIWDUJHWPLVVHVSHUWLPHVWHS)LJEVKRZVWKHWDUJHWPLVVUDWHYHUVXV
WKHPD[LPXPVSHHGRIWKHWDUJHW,WFDQEHREVHUYHGWKDWDWORZVSHHGVWKHWDUJHWPLVVUDWHIRUDOOWKHWKUHHPHWKRGV
LVORZ7KLVLVEHFDXVHWKUHHFDPHUDVDWDQ\WLPHVWHSDUHVXIILFLHQWWRORFDOL]HDQGWUDFNWKHWDUJHW%XWDVWKHVSHHG
LQFUHDVHV WKH WDUJHWPLVV UDWHRI WKHEDVHOLQHPHWKRGJRHVRQ LQFUHDVLQJDQG LVDOZD\VJUHDWHU WKDQ WKHSURSRVHG
PHWKRGV)RUVSHHGVJUHDWHUWKDQPVWKHSURSRVHGVFKHPHZLWKRXW9*75DOVRPLJKWQRWVKRZDFRQVLGHUDEOH
LPSURYHPHQW RYHU WKH EDVHOLQH PHWKRG ,QWHUHVWLQJO\ WKH WDUJHW PLVV UDWH IRU WKH SURSRVHG VFKHPH ZLWK 9*75
VKRZVDVLJQLILFDQWLPSURYHPHQWRYHUWKHRWKHUWZRPHWKRGV7KLVLQGLFDWHVWKDWDWYHU\KLJKVSHHGVRIWKHWDUJHW
WKHVSHHGLQIRUPDWLRQRIWKHWDUJHWDORQHLVQRWVXIILFLHQWDQGGLUHFWLRQLQIRUPDWLRQLVDOVRUHTXLUHG2QDQDYHUDJH
WKH9*75VFKHPHJLYHVDURXQGUHGXFWLRQLQWDUJHWPLVVUDWHUHODWLYHWRWKHEDVHOLQHZKLFKVKRZVDPDUNHG
LPSURYHPHQWZKHUHDVWKHSURSRVHGPHWKRGZLWKRXW9*75JLYHVDURXQGLPSURYHPHQWRYHUWKHEDVHOLQH

$YHUDJHQXPEHURIDFWLYHFDPHUDVYHUVXVVSHHG

7KH DYHUDJH QXPEHU RI DFWLYH FDPHUDV SHU WLPH VWHS YHUVXV PD[LPXP VSHHG LV FRPSDUHG DFURVV WKH WKUHH
PHWKRGV)URP)LJDLWFDQEHVHHQWKDWERWKWKHEDVHOLQHDQGWKHSURSRVHGPHWKRGZLWKRXW9*75VKRZVLPLODU
SHUIRUPDQFH7KLVLVEHFDXVHLQWKHSURSRVHGPHWKRGWKHUHZRXOGEHPRUHWKDQWKUHHFDPHUDVDFWLYHDWDQ\WLPH
VWHSWRDFFRXQWIRUWKHYDU\LQJVSHHGRIWKHWDUJHW%XWLWFDQEHREVHUYHGWKDWZLWK9*75VFKHPHWKHQXPEHURI
DFWLYHFDPHUDVSHUWLPHVWHSLVJUHDWO\UHGXFHGE\DIDFWRURIIRUKLJKVSHHGV7KLVLVEHFDXVHEHIRUHDFWLYDWLQJ
DOOWKHFDPHUDVZKHQWKHUHLVDWDUJHWPLVVWDUJHWUHFRYHU\LVDWWHPSWHG)LJEVKRZVWKHDFWXDOQXPEHURIDFWLYH
FDPHUDV IRUDSDUWLFXODUVLPXODWLRQRI WKH WDUJHW
VPRWLRQ ,WFDQEHVHHQ WKDW WKHEDVHOLQHPHWKRGVKRZVPXOWLSOH
WDUJHWPLVVHV EHFDXVH RIZKLFK DQXPEHURI VSLNHV DUHREVHUYHG LQ WKH SORWZKHUHDVZLWK9*75 WKHSURSRVHG
VFKHPHDYRLGVWDUJHWPLVVHVWRDODUJHH[WHQW6SLNHVFRUUHVSRQGWRWKHLQVWDQFHVZKHQDOOFDPHUDVDUHDFWLYH
D E
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
)LJD$YHUDJHQXPEHURIDFWLYHFDPHUDVYHUVXVPD[LPXPVSHHGE1XPEHURIDFWLYHFDPHUDVYHUVXVWLPH

&21&/86,21$1')8785(:25.
,QWKLVSDSHUDQLPSURYHGPXOWLFDPHUDDFWLYDWLRQVFKHPHIRUWDUJHWWUDFNLQJLVSURSRVHGZKLFKYDULHVWKH$&*
VL]HSURSRUWLRQDWHO\ZLWKWKHWDUJHW
VVSHHGDQGUHGXFHVWDUJHWPLVVUDWHE\DERXWUHODWLYHO\RYHU WKHEDVHOLQH
2&&EDVHGPHWKRGIRUIDVWPRYLQJWDUJHWV$9*75VFKHPHLVSURSRVHGZKLFKVKRZVDUHGXFWLRQLQWDUJHWPLVV
UDWHE\DERXWUHODWLYHO\RYHUWKHEDVHOLQH7KHDYHUDJHQXPEHURIDFWLYHFDPHUDVSHUWLPHVWHSLVVKRZQWREH
EURXJKWGRZQE\DIDFWRURIXVLQJ9*757KXVLWLVKLJKO\OLNHO\WKDWSRZHUFRQVXPSWLRQZRXOGDOVREHJUHDWO\
UHGXFHG E\ WKH SURSRVHGPHWKRG+RZHYHU D TXDQWLWDWLYH VWXG\ LQ WKLV UHJDUG LV QHHGHG E\ FRQVLGHULQJ YDULRXV
SRZHUFRQVXPSWLRQPRGHOV

,QWKHSURSRVHGVFKHPHWKHVL]HRIWKH$&*LVYDULHGEDVHGRQWKHWDUJHW
VVSHHG7KLVFDQEHUHILQHGIXUWKHUE\
FRQVLGHULQJ WKH WDUJHW
VGLUHFWLRQDVZHOOZKLFKZRXOGDFWLYDWH WKHFDPHUDVZKLFKDUHPRUH OLNHO\ WRFDSWXUH WKH
WDUJHW7KHSURSRVHGVFKHPHFDQEHH[WHQGHGIRUPXOWLSOHWDUJHWVWRRDQGFDQEHXVHGLQFRQMXQFWLRQZLWKQRGHIDXOW
GHWHFWLRQDQGUHFRYHU\VFKHPHVOLNHWKHRQHVSURSRVHGLQ

$FNQRZOHGJHPHQW
7KH DXWKRUV DFNQRZOHGJH $EKLUDP % $SSOLFDWLRQ 6XSSRUW (QJLQHHU DW 7KH0DWK:RUNV IRU KLV DVVLVWDQFH DQG
VXSSRUWWKURXJKRXWWKLVZRUN
5HIHUHQFHV
:/L&DPHUD VHQVRUDFWLYDWLRQVFKHPHIRU WDUJHW WUDFNLQJ LQZLUHOHVVYLVXDOVHQVRUQHWZRUNV ,QWHUQDWLRQDO-RXUQDORI'LVWULEXWHG6HQVRU
1HWZRUNVSDJHVKWWSG[GRLRUJ
:/L:=KDQJ0XOWLSOHWDUJHWORFDOL]DWLRQLQZLUHOHVVYLVXDOVHQVRUQHWZRUNV)URQW&RPSXW6FL±
-3OXLP-0DLQW]09LHUJHYHU0XWXDOLQIRUPDWLRQEDVHGUHJLVWUDWLRQRIPHGLFDOLPDJHVDVXUYH\,(((7UDQV0HG,PDJ
±
*$WLD99HHUDYDOOL-)XHPPHOHU6HQVRUVFKHGXOLQJIRUHQHUJ\HƥFLHQWWDUJHWWUDFNLQJLQVHQVRUQHWZRUNV,(((7UDQV6LJQDO3URFHVV
±
<+H(&KRQJ6HQVRUVFKHGXOLQJIRUWDUJHWWUDFNLQJD0RQWH&DUORVDPSOLQJDSSURDFK'LJLWDO6LJQDO3URFHVV±
+0HGHLURV-3DUN$.DN'LVWULEXWHGREMHFWWUDFNLQJXVLQJDFOXVWHUEDVHG.DOPDQILOWHULQZLUHOHVVFDPHUDQHWZRUNV,(((-RXU6HOHFW
7RSLFV6LJQDO3URFHVV±
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0=DULIQHVKDW3.KDGLYL+6DLGL$VHPLORFDOL]HGDOJRULWKPIRUFOXVWHUKHDGVHOHFWLRQIRUWDUJHWWUDFNLQJLQJULGZLUHOHVVVHQVRUQHWZRUNV
$GKRFDQG6HQVRU:LUHOHVV1HWZRUNV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
 % 6RQJ$.DPDO & 6RWR &'LQJ - )DUUHOO $ 5R\&KRZGKXU\7UDFNLQJ DQG DFWLYLW\ UHFRJQLWLRQ WKURXJK FRQVHQVXV LQ GLVWULEXWHG
FDPHUDQHWZRUNV,(((7UDQV,PDJH3URFHVV±
0$7/$%YHUVLRQ5D7KH0DWK:RUNV,QF1DWLFN0DVVDFKXVHWWV
 / % %KDMDQWUL 11DOLQL*HQHWLF DOJRULWKP EDVHG QRGH IDXOW GHWHFWLRQ DQG UHFRYHU\ LQ GLVWULEXWHG VHQVRU QHWZRUNV ,QWO -RXU &RPS
1HWZRUN,QIRUPDWLRQ6HFXULW\±
<6KDQJ&RQVHQVXV UHFRYHU\ IURP LQWHQWLRQDO DWWDFNV LQ GLUHFWHG QRQOLQHDUPXOWLDJHQW V\VWHPV ,QWO -RXU1RQOLQ6FLHQFHV1XPHULFDO
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